Controlled by a microcomputer, a pneumatic system in which several cylinders are connected with each other in series, can realize accurate positioning. When the strokes of the cylinders in some unit vary in a sequence of 211-1 where n is an integer number beginning from 1, the positioning can be realized step by step in this unit from 0 to 2N-1 where N is the number of the cylinders used in the system. Such systems have no feedback control and no electric device around the actuator, so they are usable in various working conditions even the conditions are so hazardous such as in explosive gas or in a strong magnetic field.
With the digital pneumatic cylinder system, it becomes possible in principle to realize a very accurate positioning using no feedback control around the actuator. Elastic load is proportional to the displace ment. Thus, acting on a digital pneumatic cylinder system as external load, the elastic load will affect the positioning throughout the full stroke. This paper introduces the research dealing with the positioning in a case with elastic load by means of model system that has four cylinders.
EXPERIMENTAL APPARATUS
The model system investigated in this research is the same as was introduced in previous papers [2] - [6] , and the experimental apparatus was also almost the same as was introduced in the previous paper [6] . That is, in this research, the actuator for the positioning was made of four cylinders that were just same as before. The control unit was mainly a microcomputer of 16 bits.
The measurements were carried out mainly by a microcomputer of 32 bits and some pressure and As for the explanations of the phenomena mentioned above, a way is to refer to the variations of the pressures in the cylinder chambers.
The change in the forces that drive a piston in a cylinder will appear in the change in the difference between the pressure in the cylinder chamber with a piston rod of the cylinder, Pr and the pressure in the cylinder chamber without a piston rod of the cylinder, Pr. That is, during a driving, a larger pressure difference will result in a larger acceleration of the motion of the piston, thereby make the motion at a higher speed and make the displacement curve incline to be steeper. Fig. 4 shows this very well as an example.
POSITIONING BY THE SYSTEM
To demonstrate the reliability of the positioning by a digital pneumatic cylinder system in a case the system has elastic external load, the authors carried out plenty of experiments on the model system. In consideration of discussion and estimation of the first step for the accuracy of the positioning, the discussions bellow will take triangular shaped functions as the objected functions of the positioning.
As was described previously, positioning by the systems is carried out step by step, and each step is realized by the combination of ON, which means to be extended completely, or OFF, which means to be retracted completely, of all cylinders.
However as discussed above, the performance of each cylinder will be largely affected by elastic external load. Thus, it is easy to image that the position control in a case with elastic load is very difficult. In case of elastic load but without the timing control, the procedure of which was described in detail in the paper [2] , that is, in the case that the driving signals to all cylinders for each positioning step were given at the same time, the experimental results showed that the positioning paths had large over-traveled distances. fig. 5 and fig. 6 show the examples of those results in the case the elastic load was very small (K = 0.9N/mm) and very large (K= 3.4N/mm). Through the research, it was confirmed that though elastic load is so bad for positioning control using a set of pneumatic cylinders, by adjusting the driving timings that is based on the timing control taking the effects of the elastic load into consideration, the positioning can be carried out very accurately and smoothly.
